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57 ABSTRACT 
Process for functionalizing saturated hydrocarbons se 
lectively in the terminal position comprising: 
(a) reacting said saturated hydrocarbons of the formula: 

RH 

where: 
H represents a hydrogen atom, and 

4,511,745 
Apr. 16, 1985 

11 Patent Number: 
45) Date of Patent: 

R represents a saturated hydrocarbon radical, 
with a metal complex of the formula: 

where: 
Cp represents a pentamethylated cyclopentadienyl 

radical, 
Rh represents a rhodium atom, 
P represents a phosphorous atom, 
Me represents a methyl group, 
H represents a hydrogen atom, 
in the presence of ultraviolet radiation at a tempera 
ture maintained at about - 60' to - 7 C. to form a 
hydridoalkyl complex of the formula: 

CpRhPMeRH 

(b) reacting said hydridoalkyl complex with a haloform 
of the formula: 

CHXs 

where: 
X represents a bromine, iodine or chlorine atom, 
at a temperature in the range of about -60 to -17 
C. to form the corresponding haloalkyl complex of 
step (a) having the formula: 

CpRhPMe3RX; and, 

(c) reacting said haloalkyl complex formed in (b) with 
halogen (X2) at a temperature in the range of about 
-60 to 25 C. (i.e. ambient) to form a functional 
haloalkyl compound. 

11 Claims, No Drawings 
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PROCESS FOR FUNCTIONALIZING ALKANES 

The invention disclosed herewith arose at the Law 
rence Berkeley Laboratory in the course of, or under 
Contract No. DE-ACO3-76SF00098 between the U.S. 
Department of Energy and the University of California. 

FIELD OF THE INVENTION 

The present invention relates to functionalizing satu 
rated hydrocarbons, and more particularly relates to 
functionalizing or enhancing the reactivity of alkanes 
by converting them to halo-substituted alkanes. 

BACKGROUND OF THE INVENTION 

Saturated hydrocarbons are obtained from petro 
leum, natural gas reservoirs, and other petroliferous 
deposits. They are, on a relative basis to other hydrocar 
bons, available in a relatively large supply. They have 
many uses in addition to being suitable as fuels. One of 
those uses, and one which has a high order of value in 
terms of uses, is as a raw material in chemical reactions 
when they can be made to react in an efficient, economi 
cal and predictable if not selective fashion. Particularly 
desirable is the ability to prepare terminally-substituted 
compounds, because terminally-substituted, or primary 
functional compounds, are in the greatest demand com 
mercially. However, saturated hydrocarbons have 
strong C-H and C-C bonds which make the neces 
sary reactions difficult for one or more reasons. 

Various approaches to reaction of hydrocarbons 
have been studied over the years including thermal, 
chemical and photochemical. Examples of these are set 
forth in Janowicz and Bergman, J. Am. Chem. Soc. 105, 
3929-3939 (1983). Most of these prior methods have 
consumed large amounts of energy in one form or an 
other; and, importantly have lacked selectivity. Either, 
in addition to or separately, the prior methods have 
suffered other disadvantages. 

Unsaturated compounds, in addition to being a valu 
able raw material for reactions which functionalized 
alkanes are not, do not always form terminally-sub 
stituted compounds but form 2-substituted derivatives 
according to Markovnikoff's rule. 

Recently we found that certain organo-iridium com 
plexes are capable of intermolecular oxidative addition 
to single C-H bonds in saturated hydrocarbons leading 
to hydridoalkyl iridium complexes which can be used to 
convert alkanes to alkyl halides. This is reported in 
Janowicz and Bergman, J.A.C.S. 104,352 (1982). While 
this procedure enjoys a degree of benefits over the prior 
art it leaves room for improvement in several respects. 
One such important feature in the use of iridium com 
plexes is the need to pass through an organomercurial 
intermediate. The process using iridium also provides 
much less selectivity than theoretically possible and 
desirable. 

OBJECTS OF THE INVENTION 

It is a principal object of this invention to provide a 
method of functionalizing saturated hydrocarbons. 

It is another object of this invention to provide a 
method of providing a high degree of selectivity in the 
functionalizing of alkanes. 

It is an important object to provide a method of func 
tionalizing alkanes which can be carried out at rela 
tively mild conditions. 
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2 
Still another and very important object of this inven 

tion is to provide a method which enables starting mate 
rial to be regenerated and reused. 

Yet, another object is to provide a process which 
does not require the additional step and use of organo 
mercurial intermediates as in the case of iridium cen 
tered complexes. 
An additional object is to provide a process for func 

tionalizing alkanes which is efficient, relatively eco 
nomical and has wide application in terms of alkanes 
which can be treated. 

Additional objects, advantages and novel features of 
the invention will be set forth in part in the description 
which follows, and in part will become apparent to 
those skilled in the art upon examination of the follow 
ing, or will be learned by practice of the invention. The 
objects and advantages of the invention may be realized 
and attained by means of the instrumentalities and com 
binations particularly pointed out in the appended 
claims. 

SUMMARY OF THE INVENTION 

A process for functionalizing saturated hydrocarbons 
comprising: 

(a) reacting said saturated hydrocarbons of the for 
mula: 

RH 

where: 
H represents a hydrogen atom, and 
R represents a saturated hydrocarbon radical, 

with a metal complex of the formula: 
CpRhPMe2H2 

where: 
Cp represents a pentamethylated cyclopentadienyl 

radical, 
Rh represents a rhodium atom, 
P represents a phosphorous atom, 
Me represents a methyl group, 
H represents a hydrogen atom, 

in the presence of ultraviolet radiation at a temperature 
maintained at about -60 to -17 C. to form a hy 
dridoalkyl complex of the formula: 

CpRhPMe3(R)(H) 

(b) reacting said hydridoalkyl complex with a halo 
form of the formula: 

CHX3 

where: 
X represents a halogen atom (i.e., Br, I, or Cl), 

at a temperature in the range of about -60 to -17 C. 
to form the corresponding haloalkyl complex of step (a) 
having the formula: 

CpRhPMe3(R)(X); and, 

(c) reacting said haloalkyl complex formed in (b) with 
halogen (X2) at a temperature in the range of about 
- 60° to 25 C. (i.e. ambient) to form a haloalkyl com 
pound and a compound of the formula: 
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CpRhPMe3X2 

where: 
Cp, Rh, P, Me, and X are the same as above. 
In one specific aspect, the process provides a highly 

selective manner of preparing terminal, primary or 1 
substituted halogenated alkyl compounds. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In brief, the process can be described illustratively in 
equation form as follows: 

(C5Me5)(PMe3)RhH2 + RH --> 

Me 
Me 

-- CHBr3 --Ge. Me - 60 

Me R 

Me Rh 
/ N 

Me3P H 

Me 
Me 

Gy. is > 
Me R 

Me Rh 
/ N. 

MeP Br 

where: 
(C5Me5) represents a pentamethylated cyclopentadie 

nyl radical, which is also represented herein at 
times by Cp, 

(PMe3) represents a trimethylated phosphorous radi 
cal or a trimethylphosphine radical, 

Rh represents a Rhodium atom, 
H represents a hydrogen atom, 
R represents an alkyl radical, 
X represents a halogen atom as defined herein. 

The R, as explained above, represents an alkyl radical 
and comes from the starting hydrocarbon used. 
The reaction mechanism of this invention is generally 

applicable to all saturated hydrocarbons. However, 
preferred saturated hydrocarbons are those which have 
from about 2 to 20 hydrocarbons with the further provi 
Sion that if they are not liquid when used alone, they are 
used in a mixture to be liquid at reaction conditions. 
More preferred are the saturated hydrocarbons of about 
2-14 carbons which are liquid when used alone at reac 
tion conditions (i.e., at a temperature in the range of 
about - 60 to -20° C.). Included in the hydrocarbons 
discussed above are the acyclic and cyclic alkanes. The 
acyclic alkanes can be either of straight or branch 
chained configuration. Acyclic hydrocarbons of about 
2-12 carbons which are liquid at reaction conditions are 
the most preferred hydrocarbons. The cyclic com 
pounds can have as few as 3 carbon atoms and up to 
about 8 carbon atoms in the ring. Preferred cyclic com 
pounds are those of about 3 to 6 carbon atoms in the 
ring. The cyclic compounds can be substituted by either 
straight or branch-chained alkyl radical(s). 
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4. 
Specific illustrative examples of suitable hydrocar 

bons which can be used (i.e., alone or in a mixture to 
produce a liquid at reaction conditions) are: 

ethane methyl cyclooctane 
propane propylcyclooctane 
cyclopropane -date 
isobutane edOctae 
n-pentane n-decane 
neopentane cyclodecane 
cyclopentane 4-methyl decane 
n-hexane methyl cyclodecane 

n-dodecane 
2-propyl nonane 
n-tetradecane 
2-methyl, 4-butyl decane 
6-hexyl dodecane 
2-ethyl-hexylcyclodecane 
1,4-dibutyl cyclooctane 
n-eicosale 

cyclohexane 
2-methylhexane 
3-methyl hexane 
methyl cyclohexane 
dimethyl cyclohexane 
2-ethylhexane 
2,2'-dimethyl hexane 
2-methyl, 4-ethylhexane 
-octae 

The dihydridometal complex starting material in the 
process can be prepared in the manner taught by Isobe, 
Bailey and Maitlis, J. Chem. Soc., Dalton Trans. 1981, 
2003 or Kang, Moseley, and Maitlis, J.A.C.S. 91, 5970 
(1969). In brief, that process involves reacting a pen 
tamethylated cyclopentadienyl rhodium dichloride 
dimer with trimethylphosphine and sodium bismethoxy 
ethoxy aluminum hydride to form the dihydridor 
hodium complex, (No. I) shown in the equation above. 
Other triorgano-phosphines (e.g. triphenylphosphine) 
can be used but trimethylphosphine is preferred. Also, 
other hydrides can be used, for example, lithium trie 
thylborohydride. 
The complex formed as above is then reacted in a 

series of reactions at mild conditions according to this 
invention to produce an alkyl halide and an organo 
metal dihalide complex, (No. IV) above. 

In the first step, the reaction of I and the alkane to be 
functionalized is carried out by subjecting the reactants 
to U.V. radiation (i.e. wavelength above about 210 nm) 
at a temperature of about - 60 to - 17 C. Preferred in 
most cases is a temperature in the range of about -35 
to -20 C. 
The above step can be carried out a superatmospheric 

or sub-atmospheric pressure, however atmospheric 
pressure is preferred because the results at the other 
pressures do not warrant the use of such extraordinary 
measures. Unless otherwise stated herein the same ap 
plies to all of the steps in this process. 
One important consideration in connection with the 

above step is that dilution is desirable. To avoid many 
potential problems which include undesired side reac 
tions, difficulties in separation of desired product, etc., a 
large excess of liquid hydrocarbon reactant is em 
ployed, where possible, instead of a separate solvent or 
diluent. Instead of stoichiometric, a dilution of about 
1 x 105 to 1 X 102 molar concentration of the dihy 
dride complex is beneficially employed. In the case of 
hydrocarbon reactants which are gaseous or solid (i.e., 
high molecular weight hydrocarbons) at reaction condi 
tions, they require a solvent. Preferably, the solvent is 
inert or slow reacting so as to be practically inert at 
reaction conditions. However, in some cases, a lower 
molecular weight hydrocarbon desired to be functional 
ized can be conveniently used in lieu of a solvent as 
Such. 

In the next step, the complex formed in step (a) is 
reacted with a haloform of the formula CHX3, where X 
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represents a halogen atom. Although X can be bromine, 
iodine, or chlorine, bromine is preferred based on over 
all considerations. The reaction is carried out at a tem 
perature in the range of about - 60° to -17 C. Tem 
peratures closer to ambient (i.e. by ambient is meant 
about 18-20° C.) although still below ambient will be 
preferred to minimize the cost of cooling. With that and 
other factors in mind, a temperature in the range of 
about -35 to -20° C. will usually be preferred in this 
operation. 
The preferred haloform, bromoform, can be conve 

niently added to the organo-metal complex by adding 
the neat liquid to a liquid bath or column of the complex 
to form halogenated product of the formula: 

Me 
Me 

Me R 

Me Rh 
/ N 

Me3P Br 

The halogenated organo-metal complex is next re 
acted with halogen (i.e. Br2, a liquid at ambient; I2, a 
solid at ambient; or Cl2, a gas at ambient), preferably 
bromine, in the form of a liquid to generate the desired 
alkyl bromide product (or other halide corresponding 
to the reactants used). This reaction can be carried out 
by adding the bromine to the complex at about -60 to 
25° C. (i.e. ambient) with ambient being preferred for 
obvious reasons of economics. 

Also formed with the desired alkyl halide is a dihalo 
counterpart of the starting organo-metal complex. This 
can be reused by regenerating through reaction of the 
by-product organo-metal complex with a known hy 
dride source such as lithium aluminum hydride, lithium 
triethylborohydride, sodium borohydride, sodium bis 
methoxy ethoxy aluminum hydride (commercially 
available as Red-Al from Aldrich Chemical Company). 
The following example is illustrative of the present 

invention, and is not to be regarded as limiting its scope. 
EXAMPLE I 

Experimental 
All manipulations were carried out under N2 unless 

otherwise noted. Hexane was distilled from n-butylli 
thium. CHBr3 was deoxgenated by purging with N2. 

Preparation of n.5-C5Me5RH PMe3 (C2H5)(B) 
A 20 ml cylindrical shaped pyrex "bomb' equipped 

with a teflon vacuum stopcock was changed with 50 mg 
of (n5-C5Me5)RhPMe3H2(I). The system was evacu 
ated, cooled to - 190° C. and ~ 10 ml of ethane was 
added by vacuum transfer into the flask. The bomb was 
carefully warmed to -60C. and the solution agitated 
until all of the dihydride was dissolved. The solution 
was then photolysed for 2 hours at - 60° C. with a 200 
watt Hanovia immersion Hg lamp. The solution was 
cooled to - 190° C. and 35 ul of CHBr3 added via sy 
ringe. The mixture was rewarmed to -60C. and agi 
tated for 5 minutes. The ethane was then removed in 
vacuo and the resulting residue extracted with hexane 
(5X 10 ml). The undissolved material was dissolved in a 
minimum of CH2Cl2 and cooled to -40 C. to yield 18 
mg of (n5-C5Me5)RhPMe3Br2. The combined hexane 
extracts was filtered and concentrated under vacuum. 
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6 
The solution was cooled to -40° C. to yield 48 mg of 
(n5-C5Me5)RhPMe3(C2H5)(Br). 
Reaction of (n5-C5Me5)RhPMe3(C2H5)(Br) with Br2 
A 10 ml flask equipped with a rubber septum and 

magnetic stirrer was changed with 20 mg of (n5-C5Me5) 
RhPMe3(C2H5)(Br), 8 ml of hexane and 5ul of CHBr3 
(as internal standard). The stirred solution was cooled 
to -78 C. and a mixture Bromine/hexane (11 mg 
Br2 - 1 ml hexane) was added over a period of 10 min 
utes. The stirred solution was allowed to warm-up to 
room temperature and aliquot removed by syringe was 
analyzed by G. C. From G. C. analysis, a calculated 
yield of bromoethane of approximately 80% based on 
(n5-C5Me5)RhPMe3(C2H5)(Br). 
The foregoing description of a preferred embodiment 

of the invention has been presented for purposes of 
illustration and description. It is not intended to be 
exhaustive, or to limit the invention to the precise form 
disclosed, and obviously many modifications and verifi 
cations are possible in light of the above teachings. The 
embodiment(s) was (were) chosen and described in 
order to best explain the principles of the invention and 
its practical application to thereby enable others skilled 
in the art to best utilize the invention in various embodi 
ments and with various modifications as are suited to 
the particular use contemplated. It is intended that the 
scope of the invention be defined by the claims ap 
pended hereto. 
We claim: 
1. A process for functionalizing saturated hydrocar 

bons comprising: 
(a) reacting said saturated hydrocarbons of the for 

mula: 

RH 
where: 
H represents a hydrogen atom, and 
R represents a saturated hydrocarbon radical, 
with a metal complex of the formula: 

where: 
Cp represents a pentamethylated cyclopentadienyl 

radical, 
Rh represents a rhodium atom, 
P represents a phosphorous atom, 
Me represents a methyl group, 
H represents a hydrogen atom, 

in the presence of ultraviolet radiation at a temper 
ature maintained at about - 60' to -17 C. to form 
a hydridoalkyl complex of the formula: 
CpRhPMe3(R)(H) 

(b) reacting said hydridoalkyl complex with a halo 
form of the formula: 

CHX3 

where: 
X represents a halogen atom selected from bro 

mine, iodine and chlorine, 
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at a temperature in the range of about - 60 to 
- 17 C. to form the corresponding haloalkyl com 
plex of step (a) having the formula: 
CpRhPMe3(R)(X); and, 5 

(c) reacting said haloalkyl complex formed in (b) with 
halogen at a temperature in the range of about 
-60 to 25 C. to form the alkyl halide of said 
saturated hydrocarbon. O 

2. A process according to claim 1 wherein the tem 
peratures are in the ranges as follows: 

(a) -35 to -20° C. 
(b) -35 to -20° C. 
(c) O' to 20 C. 15 
3. A process according to claim 1 wherein X is bro 

mine. 
4. A process according to claim 1 wherein the dilu 

tion of said metal complex in step (a) is in the range of 
about 1 x 10-5 to 1 x 10-2. 20 

5. A process according to claim 1 wherein excess 

RH 

where: 
H represents a hydrogen atom, and 
R represents a saturated hydrocarbon radical, 
with a metal complex of the formula: 
CpRhP(R2)3H2 

where: 
Cp represents a pentamethylated cyclopentadienyl 

radical, 
Rh represents a rhodium atom, 
P represents a phosphorous atom, 
R2 represents a hydrocarbon radical, 
H represents a hydrogen atom, 
in the presence of ultraviolet radiation at a temper 
ature maintained at about - 60' to - 7 C. to form 
a hydridoalkyl complex of the formula: 

saturated hydrocarbon reactant is employed as solvent. (b) reacting said hydridoalkyl complex with a halo 
6. A process according to claim 1 wherein R is at least 

one hydrocarbon radical of up to about 20 carbon atoms 
whereby RH is a liquid at reaction conditions. 25 

7. A process according to claim 1 wherein R is an 
acyclic hydrocarbon radical. 

8. A process according to claim 7 wherein said satu 
rated hydrocarbon reactant has about 2-12 carbon 
atOS. 3O 

9. A process according to claim 1 wherein R is a 
cyclic hydrocarbon radical. 

10. A process according to claim 1 wherein R is a 
liquid hydrocarbon radical of up to about 14 carbon 
atOS. 35 

form of the formula: 

CHX3 

where: 
X represents a halogen atom selected from bro 

mine, iodine and chlorine, 
at a temperature in the range of about - 60 to 
- 17 C. to form the corresponding haloalkyl com 
plex of step (a) having the formula: 

CpRhP(R2)3(R)(X); and, 

11. A process for functionalizing saturated hydrocar- (c) reacting said haloalkyl complex formed in (b) with 
bons comprising: 

(a) reacting said saturated hydrocarbons of the for 
mula: 

45 

SO 

S5 

60 

65 

halogen at a temperature in the range of about 
-60 to 25 C. to form the alkyl halide of said 
saturated hydrocarbon. 

s k s k 


